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Alibis IS OP .THE TIME RELfiffOTSHIPS XI DIRECT 
BALLI8T0CAHDI0GRAHIY RATS 

[F©ll@¥^ing' is the translation of an article 
byM* N. TumanovsJeiy and Su B, Saf@ß&v entlt- 

■led *•£ analizy TOamennykh socstnosheniy v pryaj 

iw>y. balllstekardiografii sk»rostl" ('Ingush  , 
version above) in fOLinicheskaya Meditsiaa 
(Clinical Medicine), Vol. ZT/Xj N©* 6, 
1960? pages 60»66«] 

She Clinic of Faculty Therapy (Director « 
Prof* M*- N» Tumanovskiy) of the Voronezh 
Medical Institute 

The balXistocar&iogram, like any graphic curve-re- 
flecting' movement, has three parameters« displacement^ ' 
ratej arid acceleration« The balllstocardiogram of displa- 
cement is less suitable for ■ demonstrating the nature of 
the process.» since it does not detect high-frequency com- 
ponents of greater rate than the basic recordable freqnettj 
cies» The "pua?en ballistocardiogra» of rate is valuable 
in that it records the high-frequency vibrations of the 
human body.mftiich depend^ in pathologic cases9 on dlsfcor- 
bances in hemodynamics. The ballistocardiogras of accele- 
ration is even more sensitive in this respect. The balll- 
stoeardiogram of rate,'having these valuable properties, 
is  advantageously distinguished from the curve of accele- 
ration bf 
simpler. 

the fact that the method of obtaining it is 

. An electromagnetic device of the Dock-Parin 'type, 
which detects the necessary movements for the ballisto- 
cardiogram of rate, "is available to any therapeutic in** 
stitution. There are methods of obtaining ballistocardio- 
grams of all three parameters with one electromagnetic del 
vic»ij by means of electrical integration of the curve of 
rate to the curve of displacement and differentiation of 
the' rate curve to the curve of acceleration (G. Ye« 
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Tsinsad2e, Snith and Bryan). But these are"not as yet in 
wide use. The extreme sensitivity of the electromagnetic 
devices to 'electrical and mechanical oscillations of 
small amplitude and high frequency (surface mechanical 
vlbrationsj muscle tremors, alternating currents §  and so 
forth) requires all investigators to use electrical fil- 
ters which reduce the frequency characteristics of the 
ballistocaudiograph (V. V. Parin and A, V. Mareyev; A* I. 
Gefter and associates? Dock and Taubaan; Dock, G, Mandel- 
baum and K. Handelbaums Pordy and others)» 

0*1 s®e 

Ins pi 
ration rat!on<M£tf1f; 

Fig, 1. Brillistocardiogram of a healthy 
27-year old male taken at the . 
same time as an electrocardio» 
frara recorded from lead IX» To 
he right is the scheme of time 

analysis of the systolic waves 
of the ballistocardiogram. 

In our studies we recorded the «pure« ballistocar- 
diograro of-rate (with electrical filter), Under these 
conditions* elimination from the above-mentioned contami- 
nating Influences  is a problem. We solved this problem by 
using a mechanical (not"an electrical) damper "and a two- 
channel recording device of special construction (Yu, D» 
Safonov) which,  in the presence of undistorted recording 
of frequencies in the range of 0.3 to 120 c/s, does not 
respond to superficial electrical interferences" of this 
frequency« This uermitted us to detect byiualllstocar&io™ 
graphy the various irregularities,  splittings,  and dupli- 



cations of waves associated with pathological, hemodynamic 
disturbances« 

Analysis of halllstoeardio^rams by the majority of ; 
investigators has been confined to a determination of the; 
degree of pathology repr3Sorxted by them.. according to 

and to a determinate Brown and do Lalla,  exit ion Of certain jo- 
cularities In. the form said basic time relationships (V* V4 
P&rin^ A* I» Seffcer end associates $ Be -S* Belaascnr, G. A* 
Vitenshtay&as, Ling-che&j A* M. Kochetov, Dock, .0. Mandel 
bäum and 1U Mandelbaum)* 

In analyzing the time relationships obtained in 
our studies, we came to the conclusion that a precise 
computation-öf the time components of the ballistocardio- 
gram is of great clinical importance. 

Ballistocardiogra-phlc studies were carried oat by 
us in 100 healthy subjects aged 14 to 60 years,  and in 
320-patients with different cardiovascular diseases (of 
these. 120 had vascular heart disease and 80 had coronary 
insufficiency). Registration of the ballistocardlogram 
was effected with a two-channel lük-writing electrocardio- 
graph (with a sensitivity of one mv » five mm) siBraltane-i 
ousiy with one of the leads of■the electrocardiogram (at  j 
one rnv = ten nan)» ! 

Fig« 1 shows a normal ballistocardlogram and the I 
scheme of time analysis. In uathologic cases, with split«-) 
ting or duplication of the waves of the ballistocardlo« } 
gram, computation of time was carried, to the second com- ! 
ponent of the split or duplicated wave, I 

i 

The data of the time relationships obtained In i 
healthy persons are shown in the table* I 
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ft- H 

,.f %rsm in ..Mcon&s 
R-l R-J R-K HI 

Average i 0,06—o,t 

' ValUÄS '    0,072 

0,04-0,07 

0,051 

,0,11-0,14    0,19-0,24    0,25-0,33 

0,123 0,205 0,278 

(at a trequBm^W'G^M^'To^^^Ton'of not ssor© than 
80 to 85 beats per minute) 

I able 
(continued) 

u 
Time.. iß. s.fcoa*äi 

JK '1 KL LM MN 

Average 
values 

i. 

0,07-0.1 

0.082 

0,06-0,1 

0.076 

0.07-0,1 

0,08! 

0.05-0,1 

0,068 

0,06-0,09 

0,07 

(at a frequency of cardiac contraction of not more than 
80' to &$ beats per minute) 

I? ' .-■'' 

The data shown in the table are slightly (by 0»G2 
to 0.03 seconds) «faster** than the data of other authors 
(A* I. Gefter and associates. Scarborough et al, Bock. G* 
Mandelbaum and K. Mandelbaum; but do not differ from the 
data of Smith«, who used a Mpurett baXlistocardiographlc me- 
thod for determination- of-rate. 3?he cause of this is to be 
■sought in the absence of electrical filtration in our stu- 
dies« Electrical filters^ as is known*: by Introducing -a 
phase shift'9 cause a. slight "retardation« of the. wave of 
the ballistocardiogram beyond the E wave of EGG» Moreover, 
we count the time of the ballistocardiographic wave from 
the R waves whereas the majority of forelga authors start 
from the Q wave of the BSG» Ihe Q wave Is almost never 



—l_- 

abvlous,  and wo-believe that it is more suitable,  in a 
practical sense, to start with the B.ÜQ7,   of tho rave. 

Some author is report still shorter intervals of 
time for tho components of the hallistücar&iogram (by Ü.03, 
to 0.015 seconds). Basically this pertains to the R-H and 
R~J intervals '(¥# V. Parltt, R. K. Bayevskiy).» It is pro- 
bable that this may be due to the predominance of subjects 
of older or-younger ages in the group studied«, the number 
of subjects^ anß. the presence or absence of trained athle- 
tes in the ""group*  In all such instances j thera is a. rathei 
marked variation in the time relationships of the balll- 
stocardiograiiij  either to the shorter or to the longer 'sideL 
In our group of 100 healthy persons? there were 12 athle- ' 
tes}  among Y/hom there was ordinarily bradycardia. with 
time intervals longer than in untrained subjects* In com- 
puting the average values, this led to a prolongation of 
them,  despite the «accelerating1» effect of the absence of 
electrical filtration in our studies. 

Moreover,  the data of R, M„ Bayevskiy were obtai- 
ned under field conditions in which the studies ??ere car- 
ried out following an inadequate period of rest,  and phy- 
sical stress9 as is known, shortens the time of the balli- 
stocardiographic waves, 

In the majority of our patients (70 percent) with j 
mitral insufficiency, and hence with splitting of the H \ 
wave, thera was a prolongation of the R-H time to 0*13 I 
to 0*15 seconds and a shortening of the H-I time to 0«03 ! 
seconds (Fig* 2)„ This disturbance was noted most fre- ' 
quently in the complexes on expiration. After physical I 
exertion the percentage of instances'in which this occur-j 
red on the ballistocardiogram increased (to 85 percent)» j 
The appearance of a second peak of splitting of the H i 
wave is interpreted by us to be the result of an additio- 
nal movement of the body of the patient in the direction 
of the head? caused during the phase of ventricular con- 
traction by the reverse flow of blood from the left ven- 
tricle into the left atrium» Since this ''reverse expul- 
sion" continues into the phase of eocpulslonj it overlaps 
in time the subsequent phase,  shortening it on the gra- 
phic recorder(lengthening the R-H interval shortens the 
H-I interval). 
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Fig« 

Fie, 

Ins pi-- r 
ration 

Expi« 

Ball ist oöardiogram of patieät"li»5 
19 years of age5- with mitral in-   ■■ 
suf f ic 1 enc'y. Upon expir at iorrther e 
is  splitting of the H-wave with' ' 
prolongation of the R-K interval 
to 0«X3 second and shortening of 
the H--X interval to 0*03 second* 

-Tnspi 
ratioa 

Bxpi- 
i ration 

lea; 

Ballistoeardiogram of patient B«, 
27 years of age«, with a diagnosis 
of combined mitral -valvular dis« . 
ease with predominance of instif- 
ficieney. There is splitting of 
the H and I waves,, B~X2 ~ 0*18 
second, Xx*»l2 = 0e05 second, 
I2-J = 0*05 second. There is  not» 



" M. S» Vovsl, using a dynamocardiogram In patients 
with mitral lesions, also remarks on the splitting of sog- 
ment II of the dynamocardiogram, which reflects the phase 
of contraction'of the ventricles. He Regards this distur- 
bance as a manifestation of asynchronisffi .of the phase of 
ventricular contraction» 

In .90 percent of patients with combined, Mitral val- 
vular disease we observed splitting or duplication of the 
H and I waves with prolongation of the R-I time to 0«22 
second« With predominance of stft&osls, the length of the 
R-I segment was greater than with predominant insuffi- 
ciency* 

Splitting or duplication of the 1 wave of the bal- 
1ist©cardiogram was interpreted by us as an expression of 
asynehronism of ventricular contraction during the phase"! 
of rapid expulsion. The time between the first wave of*    ! 
expulsion (3JX) and the second Clo) In mitral stenosis In 
dicates, raoai"likely, the time or delay of right ventri- 
cular contraction beyond that of the left ventricle5 it 
may reach values of 0#C)8 second (Pig. 3 and 43«, The balli- 
stoeardiograa In such cases assumes a unique -forms the 
second peate of the H wave is, as it were, the first J 
wave? and the ordinary J wave appears to be,;the second J" 
wave with shortening of the 1?^2 time to 6#04- to 0«05 
second (see Pig« 4)» 

Pig# &. 

Inspi- 
ration 

Blxpi«- 
ration] 

Ballistqcardiog'ram of patient B«>' 
17 years of ages. Diagnosis* combined 
mitral valvular disease with predomi- 
nant stenosis« B-Ip-a 002'second** 
ljL-12 " 0,08 secondj I2-J2 's 0«0? se- 
cond» Eg is simultaneous with 51« 
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Fig, %  Ballistocardlograni of patient A#9 22 
years of age, Diagnosis: mitral ste- 
nosis sind aortic insufficiency* The 
I and J waves are split. R~JP ~ 0.26 
second« Jo-K ~ 0*04 second (at a 
heart rate of 90 beats per minute) e 

lot Infrequently it is possible to note that, in . 
the complesc miring inspiration, when there is usually an 
Increased systolic volume of the right ventricle$ there 
is an Increased amplitude of the second peak or of the 
second I and J waves (Tg-Jp:)? and on expiration* when 
there is an increased systolic volume of the left ven- 
tricle, there is an. increased amplitude of the first 1 
and J waves (IT-JI)* In these patients (with Xl-I,? grea- 
ter than 0»05 second), It is always possible to detect by 
auscultation 
heart sound. 

duplication or splitting of the second 

Asynchronism In the contraction of the right and 
left ventricles in patients with mitral stenosis is men- 
tioned also by a number of other authors (Ye, 
M„ S* "Vovsi 

Babskiy. 
V. L, Karpman and G» V# Sadovskaya, using 

the dynamocardiogram, and by Bodro|Is using the ballisto« , 
cardiogram and the phenodardiogrars)f the latter presented 
a ballistocardlogram similar to the'one described by us 
(with tt?o I and -J waves)« 

Of course, this interpretation of the causes of 
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splittinp of the H and I. waves of the ballistooardiogrsm 
In lessIons of the mitral valve is not- beyond dispute* 
However« ire "believe it possible to state- one of the more 
likely hypotheses, which unquestionably must be subjected 
to further investigation* 

Moreover,  in the ballistocardiogram in mitral ste- 
nosis we not infrequently have seen notching of the K-L 
segment with prolongation of the K*L time and; splitting 
of the U anö. N waves, which is probably associated with 
asytichtfonls» of the phases of ventricular filling« 

In the ballistocardiogran of persons with aortic 
insufficiency (six patients)«,  in addition to great ajapli- 
tude of the- i-J waves, we noted splitting of the J wave 
or notching of the J~fe segment with prolongation of R-J2 
time to 0,26 to 0„3 second and shortening of the Jg-K, ** 
time to 0.-04- second. This has invariably been accompanied 
by splitting of the diastolic M wave* Changes "in.the .3 
wave are related- most likely,  to quick reduction in pres- 
sure in the aorta at the end "of systolic expulsion (phase 
of slow expulsion)*  and splitting of the K wave with re- 
verse force created by the reverse flow of blood from the 
aorta into the left ventricle during the time of filling* 

The -presence in a -catlent of a second lesion,  such 
as stenosis"of the left venous ostimn. does not obscure 
the ball'istocardlographlc picture of the aortic lesion^ 
but merely adds the changes described in mitral stenosis 
(Fig,  5)* 

Splitting of the J wave in .aortic insufficiency i 
was earlier noted by Smith et al in recording balllsto« ■ j 
cardiograms of rate and'of acceleration, but was not seen; 
by these investigators in ballistocardlograsis of displaco-j 
ment*' 

We have already reported (K* N, lumanovskiy and 
Yu« D* Safonov) on certain changes in the ballistocardlo- 

■■gram of rate in patients with different forms of coronary 
insufficiency,. 

In addition to determination of the degree of pa- 
thologic change in the balllstocardiograjn»  according to 

rown and de Lalla,  and to the forms of disturbances re B 
ra 
G. A. Vitenzhteynas, 
marked upon bv V. V. Parin, A.  !• Geften afid associates*   • 

I, ?, Kononenko and N.  I. Shtel'maKh, 

o s 



Starr; Taymor, "Wade et al, we• found that in patients'with 
coronary arteriosclerosis, despite considerable Qualita- 
tive changes In the form of the ballistocarclio»«ram similar 
to those Seoh in valvular lesions of the hearty no marked 
changes occur in the time relationships, pisttirbanees of   , 
the ballistocsrdiograras in patients with coronary arberlo- 
sclerotic angina pectoris and rayocardial infarction were 
usually apparent as a splitting of the 1 and J waves« with- 
out marked, prolongation of the R-l and R»«T times (as com« 
pared with healths? subjects). The I1-I2 or JI-J2 times 
never exceeded 0,04 to 0.0? second (Fig,. 6 and 7). In 
these cases it was almost never possible to detect by aus- 
cultation =a duplication of the first or second heart 
sounds. 

laspi« 
ration 

Fig, 6, Ballistocardiogram of patient S*s 
47 years"of age, Diagnosis! myo- 
cardial infarction of the anterior 
wall of the left ventricle (of 
four weeks1 duration). There is 
splitting of the J- L9  and'M waves, 
H-Jp - 0*2 second (normal). J1-J2 ~ 
0#04 second. 
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Fis» Ballistoeardiogra-ü of patient G«, 
40 years of age0 Diagnosisi coro- 
nary arterioscle^oslsj angiüa pac- 
tor is at rest. There in splitting 
of the I nave on Inspiration«; and 
of I and. J waves on expiration. 
IWg - 0*12 saoonfh  Il»-X2 ~ 0»<H 
SGCOilti e 

Splitting' of the I wave in a^tiaats with coronary : 
insnfficiea^y is explained in tha sane nap ;;.s in mitral : 
stenosis^ oy asynchronisn of the phase of qnick eapnlsion>j 
and splitting of the J naare "by asyaahronina of the in«- ; 
crease in ai:assure in ths aorta ana palmonary artery, ' 
which laads to non~slonltaneons thrift of tho blood \ 
against thö a'ech of tan  aorta an:" the bifurcation of the 
pulmonary artery.   In these hslliwtoaardiogyans^  vas have 
not  iafroquantlp been able to show that  asynehaonisn in 
the cases narhioned is fie result of delay contraction 
of the left To:itaicl3» This is confirmed by the fact that i 
during inspiration thor-o is an increase in the anpliti/cte I 
of the flint peak of the split I and .1 wave:.^ mc! during j 
expiration an increase in amplitude of the second peak ' j 
(see Figs« 6. and 7). It should be noted that the ballisto- 
cardiogram in patients nith coronary insufficiency was 
much more frequently changed than the BIG» In cases in 
which the SOG and the ballistocardiogran v:nre both normal ? 
the latter nas altered for a rather long time (tno to four 
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days) after the attack of angina» whereas the BOG either 
remained normal or 
itself 

w, s  altered only during the attack 

In response to physical exertion, the b&llistocs*-i 
diogram is also more sensitive'than the BC&. I 

Sometimes« in patients with coronary insufficiency! 
together with splitting-of the 1 and J-waves there was 
splitting of xhe E wave,, especially In the complexes da« A  ....          „„^    ... _,     _..,., v ,, „, „  », „,     — — J«. ------ «.„—MW,™, ^     ww— *    ~-.-.™    -,- — -.„-^„w *™- «- ,»    —-.■*„ 

ring expiration (without especial prolongation of the R-B 
Interval), In. these cases WO regard ad this disturbance"''as 
a manifestation'of aaynohronlsm of the phase of'ventricu- 
lar contraction, probably due to asynchronism of pressures 
,in the presence of a delayed increase in pressure in the 
left ventricle. Such a view Is in agreement with the fin- 
dings,1 of M. S* yovslj who explains similar disturbances 
In the dynamocardiogram by asynchronism of the phase of 
contraction* 

Conclusions 

~ (1) Analysis of the time relationship^ in the bal- 
llstoeardiograia of rate indicate marked disturbances in 
connection with" the phases of cardiac activity» Duplica- 
tion of the systolic waves of the balllstoöardlogram, wiiii 
prolongation of the time of the corresponding apices of ' 
the waves from the R wave of the ECG, may be looked upon 
as an expression of asynchronism in the activity of the 
ventricles» 

(2) The  balllstocardiogram reflects not signs of 
disease aß such but rather signs of'disturbances In hemo» 
dynamics, which may be encountered in different cardio- 
vascular diseases. 

( .3) Of the direct methods of balllstocardiography, 
the most valuable for 'clinical purposes is the balllsto- 
cardiogram of "pure" rate, which demonstrates high-fre- 
quency components which tend to be eliminated with eleotr 
cal filtration and are not recorded on the balllstoeardio 
gram of displacement« 

(4) Data obtained with the use of the nnflltered 
ballist©cardiogram of rate correspond more nearly to the 
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•j   findings obtained "by other authors using other types of 
I   mechanical recordings (aynamoear&Iogyaxn). 
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